We describe the isolation of ActinobaciUus lignieresi and an A. equuli-like bacterium from an infected horse-bite wound in a 22-year-old stable foreman and A. suis from a bite injury in a 35-year-old man who had been attacked by a horse. A. lignieresu was also isolated in pure culture from an infected sheep-bite wound in a rural worker. These species of the genus ActinobaciUus are primarily associated with animals and animal diseases and are rarely isolated from humans. The purpose of this report is to raise awareness of the possible occurrence of ActinobaciUus spp. in bite wounds inflicted by farm animals and to discuss the difficulties encountered in the identification of species of Actinobacillus and related bacteria. Dogs and cats are responsible for most of the bite wounds inflicted by animals on humans. If the wounds become infected, bacteria from the oropharyngeal flora of these animals, especially Pasteurella multocida, are typically implicated.
Dogs and cats are responsible for most of the bite wounds inflicted by animals on humans. If the wounds become infected, bacteria from the oropharyngeal flora of these animals, especially Pasteurella multocida, are typically implicated.
Actinobacillus spp. occur as commensals in the oropharyngeal flora of horses and sheep. Actinobacillus suis has been found in the upper respiratory tract (7) and oral cavity (2) of horses. Indirect evidence for the presence of A. lignieresii in the same site exists, since this species has been previously isolated from horse-bite wounds in humans (4, 5) . A. lignieresii may be present in the rumen of healthy sheep (10) . A. suis is an important opportunistic pathogen in pigs and horses, and A. lignieresii is an opportunistic pathogen in cattle and sheep (11) .
We report here the isolation of species of the genus Actinobacillus along with other bacteria, including P. multocida, from horse-bite wounds and A. lignieresii from a sheep-bite wound in humans. We also discuss the identification of Actinobacillus species. CASE REPORTS Case 1. A 22-year-old man arrived at the Casualty Department of the Geelong Hospital, presenting with a painful, swollen left hand. He had been bitten on the hand by a horse about 12 h previously, while working as a stable foreman. On examination, the hand was warm, swollen, erythematous, and tender to the touch, and ajagged cut about 1 cm in length was present on the dorsum. The man was admitted to the hospital, and a swab of the wound was taken for microscopy and culture.
Tetanus prophylaxis was given, and the patient was treated empirically with penicillin to cover infection by oral flora, metronidazole to cover infection by anaerobic flora, and flucloxacillin to cover possible infection by Staphylococcus aureus. The symptoms subsided with treatment and, after 3 days, the patient was discharged. He did not return for a follow-up examination.
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A Gram-stained smear of the wound swab showed abundant pus cells with mixed bacteria. The specimen was cultured on Columbia agar (Oxoid Ltd., Basingstoke, Hampshire, United Kingdom) containing 5% (vol/vol) horse blood (HBA) and MacConkey agar (Oxoid CM7b) under aerobic conditions with 3% carbon dioxide, on HBA containing neomycin (75 ,ug/ml) anaerobically, and in cooked-meat medium. After incubation at 37°C for 48 h, the predominant, abundant growth consisted of two types of small, gramnegative, rod-shaped bacteria which were later identified by the Microbiological Diagnostic Unit at the University of Melbourne as A. lignieresii and an A. equuli-like bacterium. A few colonies of S. aureus grew on the MacConkey agar only, and a light, mixed population of oral Neisseria and Streptococcus species grew on the other media. Colonies of the gram-negative rods were differentiated initially by the strength of their oxidase reactions and the intensity of their coloration on MacConkey agar, which reflected the different rates of acid production from lactose by these two isolates.
Case 2. After being attacked and bitten by a horse, a 35-year-old man arrived at a country hospital in Victoria, Australia, presenting with a compound fracture of the left radius and ulna and a macerated wound on the arm associated with moderate muscle loss. The fracture was openly reduced and internally fixed. The wound was debrided 3 days later, by which time it showed signs of inflammation. Antibiotic therapy with penicillin, flucloxacillin, gentamicin, and metronidazole was begun. Debridement was performed again after another 2 days. Further attempts at wound closure proved futile because of the extent of muscle loss, and the patient was transferred to the Victorian Plastic Surgery Unit at the Preston and Northcote Community Hospital in Preston, Victoria, Australia, for bone and skin grafts.
Over the course of the next 3 months, the patient underwent a series of debridement and grafting procedures but sustained repeated infections with purulent wound discharge from which mixed cultures of bacteria, including S. aureus, Prevotella melaninogenica (formerly Bacteroides melaninogenicus), Escherichia coli, and P. multocida (also identified by the Microbiological Diagnostic Unit), were isolated. The patient was treated with a variety of antibiotics, including penicillin, cloxacillin, flucloxacillin, gentamicin, and metronidazole.
More than 3 months after the initial attack by the horse, a bone biopsy specimen from the injured arm was submitted for culture. This specimen was cultured on HBA and MacConkey agar (Oxoid CM7b) under aerobic conditions with 5% carbon dioxide; on HBA with a kanamycin (1,000 ,ug) disc and a neomycin (10 Fug) disc and Schaedler agar (Oxoid CM437) with 5% (vol/vol) horse blood, nalidixic acid (10 ,ug/ml), and 0.1% (vol/vol) Tween 80 anaerobically; and in cooked-meat medium (Oxoid CM81). From this specimen, A. suis was isolated for the first time, along with a strain of E. coli with the same antibiogram as that of the E. coli isolated previously.
At this stage, the antibiotic therapy was varied to include the topical application of co-trimoxazole cream with systemic gentamicin and minocycline. Co-trimoxazole was included primarily because the E. coli isolated was susceptible to this antimicrobial agent. However, A. suis was also susceptible to co-trimoxazole, as well as to gentamicin and tetracycline. A bone graft and flap operation was performed 1 month later. This procedure was uncomplicated by bacterial infection, and cultures of subsequent specimens yielded no significant growth.
Case 3. A 39-year-old man was bitten on the right fourth finger while handling a sheep. The bite broke the skin over the dorsum of the terminal interphalangeal joint. He was examined by his medical practitioner, presenting with a grossly swollen, erythematous, painful finger. The palm of his hand was also slightly swollen. A probe through the broken skin penetrated freely into the terminal joint of the finger. A wound swab was taken, and the patient was treated with cephalexin (500 mg four times daily). However, the infection was slow to respond, and residual mild crepitus was still present in the terminal interphalangeal joint 6 months later.
A Gram-stained smear of the wound swab showed a small number of pus cells and no bacteria. The specimen was cultured on HBA, heated HBA, MacConkey agar (Oxoid CM7b), and HBA containing colistin (10 ,ug/ml) and nalidixic acid (15 ,ug/ml) under aerobic conditions with 5% carbon dioxide added and on HBA and HBA containing colistin and nalidixic acid anaerobically. A pure growth of a gramnegative, rod-shaped bacterium was obtained after incubation for 24 and 48 h at 37°C. This isolate was later identified at the Microbiological Diagnostic Unit as A. lignieresùi.
MATERIALS AND METHODS
Conventional biochemical reactions and other characteristics were determined as previously described (4) . The sensitivity of the isolates to 0/129 (2,4-diamino-6,7-diisopropylpteridine) was tested against commercially available discs containing 10 or 150 ,ug of the agent (Oxoid). Phosphatase activity was determined by growth on phenolphthalein diphosphate agar followed by exposure of the cultures to ammonia vapor (1).
Acid production from carbohydrates was also investigated with fermentation medium with 5% inactivated horse serum, 0.05% Oxoid agar no. 1, and bromocresol purple as the indicator. Gas production from glucose (2%) was tested with both Oxoid MRS broth (CM359) and Bacto Lactobacilli MRS broth (Difco Laboratories Inc., Detroit, Mich.). The gas was detected by displacement of petrolatum layers above the broths in small glass test tubes (13 by 100 mm; Kimble Glass Inc., Vineland, N.J.). Two standard cultures, A. equuli NCTC 8529 and A. equuli NCTC 9435, were also checked for lack of gas production in MRS broths.
RESULTS
The Gram-stained smears of the Actinobacillus isolates and the A. equuli-like bacterium from cultures on agar media showed gram-negative coccoid forms interspersed among predominantly bacillary forms and occasional long filaments. Table 1 shows the growth characteristics and biochemical reactions which are shared by the case isolates and which collectively indicate their assignment to the genus Actinobacillus. However, these shared characteristics differ from those of A. actinomycetemcomitans, the species of Actinobacillus that occurs in the oral flora and as a pathogen of humans. A. actinomycetemcomitans is more fastidious in its growth characteristics, since it requires incubation in an atmosphere containing 5% carbon dioxide for good growth and does not grow on MacConkey agar. Biochemically, it does not produce urease or ferment raffinose or sucrose (11) . Furthermore, the fermentation of D-galactose, maltose, D-mannitol, and D-xylose is variable and may be used in the biotyping of strains of this species (4).
The characteristics used for identification of the species isolated are given in Table 2 along with those for A. actinomycetemcomitans. Apart from the hemolysis of sheep blood in sheep blood agar plates, the colonies of A. suis were characteristically sticky and adherent to the surfaces of agar media. The carbohydrate reactions of this strain differed from the typical reactions for A. suis (11) in that arabinose and glycerol were not fermented. The production or delayed production of acid from carbohydrates was the same in basal fermentation medium containing serum with a low concentration of agar and bromocresol purple as the indicator as it was in fermentation medium with Andrade's indicator.
The A. equuli-like bacterium differed from A. equuli in producing gas from glucose. This was initially detected in the Durham tube in fermentation medium and confirmed by testing for gas production in MRS broths with petrolatum layers. The A. equuli-like bacterium was capable of raising the petrolatum layers more than 1.5 cm above the surface of MRS broth cultures in 48 h, whereas A. equuli NCTC 8529 and A. equuli NCTC 9435 did not produce gas under these conditions. However, this aerogenic ability could not be demonstrated unless the tubes used for the test were made of glass or gas-impermeable plastic.
Except for the production of gas from glucose, the biochemical characteristics of the A. equuli-like bacterium conformed to those of A. equuli (4, 11) . In addition to the characteristics shown in Tables 1 and 2, the isolate (4, 11) . It is also implicated in periodontal disease (15) .
A. lignieresùi has been reported as present in an infected wound in a 13-year-old boy who was bitten on the face by a horse (5) . However, our case 3 is the first report of A. lignieresùi in an infected sheep-bite wound in a human. Moreover, the bacterium was clearly playing a pathogenic role, since it was grown in pure culture from the inflamed wound.
The isolation of actinobacilli from situations in which mixed bacterial populations exist is known to be difficult (11) . Nevertheless, the isolation of A. suis for the first time from patient 2 more than 3 months after the initial attack by the horse is unusual. Presumably, A. suis had persisted in the infected wound for this period despite repeated debridement and multiple antibiotic treatment. This case represents the first report of A. suis from a horse-bite wound in a human.
The paucity of reported infections in humans due to these species of Actinobacillus may reflect the difficulties associated with differentiation of the three genera composing the family Pasteurellaceae-Actinobacillus, Pasteurella, and Haemophilus-and of their species. The genera Actinobacillus and Pasteurella are especially closely related (3, 11) . Their generic differentiation is not clearly based on a definitive set of biochemical characteristics but is based on the distinctive combinations of biochemical reactions that characterize their species (3, 8, 11) . This means that, according to current schemes of classification, a wide range of biochemical tests must be undertaken to accurately identify Actinobacillus and Pasteurella species. When this is not done, Actinobacillus species are likely to be misidentified as Pasteurella species (5, 8) . A further complication in the recognition of Actinobacillus species from human clinical specimens is that A. actinomycetemcomitans, the species which is most familiar to clinical laboratory workers, differs from other species in the genus in that it does not grow on MacConkey agar or in the absence of an atmosphere containing increased carbon dioxide, does not produce urease, and is significantly less active in the fermentation of carbohydrates.
The biochemical characteristics of the gas-producing A. equuli-like bacterium from case 1 did not agree with those of the recently described Actinobacillus species which may produce gas, A. rossii (14) , or with those of the gasproducing Pasteurella species, P. aerogenes (3), P. dagmatis (9), or P. caballi (12) . The taxonomy of this A. equuli-like bacterium poses problems. The isolate of A. suis from patient 2 was unusual in that it did not ferment arabinose or glycerol (11) . However, failure to ferment arabinose is apparently typical of equine, as opposed to porcine, isolates of this species. None of the 37 strains ofA. suis isolated from swabs of the buccal mucosa of horses fermented arabinose (2) , and neither did any of 307 strains of A. suis-like bacteria isolated from equine tracheal washings and clinical specimens (6) .
The need for more detailed studies of the taxonomy of genera and species of the family Pasteurellaceae is generally accepted (13, 14) , as is the existence of undescribed members of the family (13 
